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We claim: 

1 . A di^ccharide selected from the group consisting of: 

R'0 2 C. OR R'0 2 C^OR 



. - ^ x UK 




R0 ' RO 



RO-. \ 
RO^V^O \ RC K 
RO-^-^Sr'OoK RO"^A-0 

RO A^-w A ; and n 3 V4^o y 

OR 



wherein 

X represents independently for eac\ occurrence hydroxy 1, acyloxy, silyloxy, halide, 
alkylthio, arylthio, alkoxy, aryloxy, or -OC(TNMjCCl 3 ; 

R represents independently for each occurrence H, alkyl, aryl, arylalkyl, heteroarylalkyl, 
silyl, acyl, alkenyloxycarbonyl, or aralkyloxycarbonyl;\nd 

R' represents independently for each occurrence H, alkyl, aryl, arylalkyl, or 
Jaetefo a r y ial k yk» 

2. The disaccharide of claim 1, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 . ' 1 

3. The disaccharide of claim \ y ^w herein R' represents independently for each occurrence 
alkyl. 

4. The disaccharide of claim 1, .wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 ; and R' represents independently for each occurrence alkyl. 

5. The disaccharide of claim 1, wherein said disaccharide is selected from the group 
consisting of: c — 
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AcO 

TBSO 
AcO 



^-0 



OAc 



MeC^C^ 0Bn 
Ac0-\/2x /Qt^ NH 



BnO 

TBSO 
AcO 



^^O 



N 3 < 
BnO 



COoMe n H 



CCI 3 



OAc 



MeC^C^ OBn 



AcO^. 
TBSO--A-O 

BnoA ^t\ C0 2 Me 
N 3 V 
BnO- 

OAc 



C0 2 Me m H 
££^° A CC,3 



; and 



BnO-^ 
TBSO--A-'O v 

N30 



NH 



C0 2 Me jj 

BnO^^° CCI3 
OAc 



saccharide selected from the group consisting of: 
R'0 2 C^ QR R0 
RO 



OR 

T n 30-t^-o 



RO 
RO 



C0 2 R 
v O 



wherein 




and 



RO 

-O 
RO 




N 3 



X represents independently for each occurrence hydroxyl, acyloxy, silyloxy, halide, 
alkylthio, arylthio, alkoxy, aryloxy, or -OC(NH)C( 

R represents independently for each occurrence.!!, alkyl, aryl, arylalkyl, heteroarylalkyl, 
silyl, acyl, alkenyloxycarbonyl, or aralkyloxycarbonyl; ans 
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R' rep^b^nts independently for each occurrence H, alkyl, aryl, arylalkyl, or 
HreteroaiylalkyL 

7. The trisaccharide of claim 6, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 . ~ 

8. The trisaccharide of claim 6, wherein R' represents independently for each occurrence 
alkyl. ^ 

9. The trisaccharide of claim 6, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 ; and R' represents independently for each occurrence alkyl. 

10. The trisaccharide of claim 6, wherein said trisaccharide is selected from the group 
consisting of: 

Me0 2 <X OBn Ac0 ^ 

V 



OBn MUV -^ 
RO^^ 0 ^^^ C0 2 Me 

a ,-.r \ J v-* \ \ 

OLev 



Ac0 BnO 




AcO- 



BnO"-?^0 
Bn0 ~^Tl C \°^ e AcC N 



LevO N3 

wherein 

X is silyloxy or -OC(NH)CCl 3 ; and 
^ R is H or silyloxy. 

11. A method of ^s^aring a glycosaminoglycan, comprising the step of: 

reacting a fir^mono-, di- or tri-saccharide, comprising an activated anomeric 
carbon, with a second mbqo-, di- or tri-saccharide, comprising a hydroxyl or amino 
group, to form an oligosaccharide, comprising a glycosidic linkage between said 
anomeric carbon of said first monb\. di- or tri-saccharide and said hydroxyl or amino 
group of said second mono-, di- or tri-sabdiaride. 
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The method of claim 11, wherein the first mono-, di- or tri-saccharide is not identical to 
the second moh^-, di- or tri-saccharide. 

The method of claim 11, wherein neither the first mono-, di- or tri-saccharide nor the 
second mono^sdi- or tri-saccharide is covalently linked to a solid support. 

The method of /laim 1L wherein the first first mono-, di- or tri-saccharide or the second 
mono-, di- or tm-sac^ajide is covalently linked to a solid support. 

Tfte method of claim 14 further comprising the step of: 



\cleaving said covalent linkage between said oligosaccharide and said solid support 
with an aLfe^ne metathesis catalyst and an alkene. 

The method of&Jaim 11, further comprising the step of: 

sulfating a hydroxyl or amino moiety of said oligosaccharide. 

The method of claim 1 1, njrther comprising the step of: 

removing a hydroxylW amino protecting group from said oligosaccharide by 
hydEOgenolysis XI 

A method of preparing an oligosaccharide comprising an ct-glucosamine glycosidic 
linkage, comprising the step of: 

reacting a uronic acid glycopyranosyl acceptor, comprising a hydroxyl group at 
C4 and a cyclic acetal comprising CI and C2, with a glycosyl donor, comprising an 
activated anomeric carbon and an azide functional group at C2, to form an 
oligosaccharide comprising an a-glycosidic linkage between said hydroxyl group of said 
uronic acid glycopyranosyl acceptor and said anomeric carbon of said glycosyl donor. 

The method of claim 18, wherein said uronic acid glycopyranosyl acceptor is an iduronic 
acid glycopyranosyl acceptor. 

The method of claim 18^wherein said uronic acid glycopyranosyl acceptor is a 
glucuronic acid glycopyranosyl acceptor. 

The method of claim 18 , 19^ or 20, wherein said glycosyl donor is a glycosyl fluoride or 
glycosyl trichloroacetimidate. 
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22. The method of claim ^i, ^w herein said cyclic acetal comprising CI and C2 of said uronic 
acid glycopyranosyl acceptor is an isopropylidene acetal or a cyclopentylidene acetal. 
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We claim: 



A disaccharide selected from the group consisting of: 



r y R'0 2 c^ 0 R ■< 4 ^ R, °2 C >.PR 



ro ro ; R0 ro ; 



RO^ 



,Jv.l3 in RO-V^-Q RC K 

v RO-^-^sR'OzC RO-^-O 

wherein 



R represents independently for each occurrence H, alkyl, aryl, arylalkyl, heteroarylalkyl, 



y, X represents independently for each occurrence hydroxyl, acyloxy, silyloxy, halide, 

g aJk)Jhio, arylthio, alko^Ty, aryloxy, or -OC(NH)CCl 3 ; ? esvvAy <5Vu^ >< . 

5 
■p 

M silyl, acyl, alkenyloxycarbonyl, or aralkyloxycarbonyl; and 

nj 

4= R' represents independently for each occurrence H, alkyl, aryl, arylalkyl, or 

h heteroarylalkyl. ? **v^7 ts^Ww^ & , 

nj 2. The disaccharide of claim 1, wherein X represents fluoro, bromo, 4-pentenyloxy or - 



ru 
o 



OC(NH)CCl 3 . 

3. The disaccharide of claim J_ 1 _wherein R' represents independently for each occurrence 
alkyl. 

4. The disaccharide of claim— L,-,wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 ; and R' represents independently for each occurrence alkyl. 

5. The disaccharide of claim 1, wherein said disaccharide is selected from the group 
consisting of: < — ~y 



nr 




AcO 

TBSO 
. "AcO 



C0 2 Me jj 
BnO^-^V cc, 3 . 



BnO 

TBSO 
Ac 



fcl x C0 2 Me M 

BnOA^V- u CCI 3 . 
OAc 



NH 



Me0 2 C >0 Bn 
AcO-^/^x /<<o^ NH 



Me0 2 Cv. QBn 



BnO 

TBSO' 
BnO 



10 AcO CCI 3 



□ 
o 

m 

ru 



P 

|s£> 

m 
ru 
□ 

ni 



AcO 

TBSO 
BnO 



oA^\ 



N30 

BnO 



no m~ NH 
C02Me || 

-o^ccia 



^w 2 |Vlt; 



; and 



BnO 

TBSO 
BnO 



oS^\ 



C0 2 Me 



NH 



OAc 



N 3 0— o 
OAc 



A trisaccharide selected from the group consisting of: 



CCI3 



15' 



R'OzC^ OR R0 
RO 




N 3 0 
RO 



OR 



RO-^ 

R °^U C0 2 R r RO 



and 



wherein 



OR 



N, 



X represents independently for each occurrence hydroxyl, acyloxy, silyloxy, halide, 
alkylthio, arylthio, alkoxy, aryloxy, or -OC(NH)CCl 3 ; 7 

R represents independently for each occurrence H, alkyl, aryl, arylalkyl, heteroarylalkyl, 
silyl, acyl, alkenyloxycarbonyl, or aralkyloxycarbonyl; and 
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R' represents independently for each occurrence H, alkyl, aryl, arylalkyl, or 
heteroarylalkyl. ^ } 1 

7. The trisaccharide of claim 6, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 . ~ 

8. The trisaccharide of claim 6, wherein R' represents independently for each occurrence 
alkyl. ^ 

9. The trisaccharide of claim 6, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 ; and R' represents independently for each occurrence alkyl. 

10. The trisaccharide of claim 6, wherein said trisaccharide is selected from the group 
consisting of: 

Me0 2 C^ 0 Bn AcO-^ 

RO / ^^°^^ C0 2 Me V 

/ N 3 o — O 

OLev 

BnO-^M C02Me Ac0 

LevO n 3 

wherein 

X is silyloxy or -OC(NH)CCl 3 ; and 
R is H or silyloxy. 

A method of preparing a glycosaminoglycan, comprising the step of: 

reacting a first mono-, di- or tri-saccharide, comprising an activated anomeric 
carbon, with a second mono-, di- or tri-saccharide, comprising a hydroxyl or amino 
group, to form an oligosaccharide, comprising a glycosidic linkage between said 
anomeric carbon of said first mono-, di- or tri-saccharide and said hydroxyl or amino 
group of said second mono-, di- or tri-saccharide. ~— 7^ <4fc>h ♦ 
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jr fry l l 

The method of claim 11, wherein the first mono-, di- or tri-saccharide is not identical to 
the second mono-, di- or tri-saccharide. 

The method of claim 11, wherein neither, the first mono-, di- or tri-saccharide nor the 
second mono-, di- or tri-saccharide is covalently linked to a solid support. S^itvl^ \j 

The method of claim 11, wherein the first first mono-, di- or tri-saccharide or the second 
mono-, di- or tri-saccharide is covalently linked to a solid support. 

The method of claim U^further comprising the step of: 

cleaving said covalent linkage between said oligosaccharide and said solid support 
with an alkene metathesis catalyst and an alkene. (\\ t> ' ^ l'^^^ Jp 

The method of claim 11, further comprising the step of: ^ I ^ ^ %j - r 

sulfating a hydroxyl or amino moiety of said oligosaccharide. ^ ^ ; J % £ 

The method of claim 11, further comprising the step of: 

removing a hydroxyl or amino protecting group from said oligosaccharide by 
hydrogenolysis. <^W2 V <^ - 

A method of preparing an oligosaccharide comprising an ot-glucosamine glycosidic 
linkage, comprising the step of: . ^ ^ ^ 

reacting a uronic acid glycopyranosyl a cceptor , comprising a hydroxyl group at 
C4 and a cyclic acetal comprising CI and C2, with a glycosyl donor, comprising an * 
activated anomeric carbon and an azide functional group at C2, to form an 
oligosaccharide comprising an oc-glycosidic linkage between said hydroxyl group of said 
uronic acid glycopyranosyl acceptor and said anomeric carbon of said glycosyl donor. 

The method of claim 18, wherein said uronic acid glycopyranosyl acceptor is an iduromc 
acid glycopyranosyl acceptor. — 1 

The method of claim 18^wherein said uronic acid glycopyranosyl acceptor is a 
glucuronic acid glycopyranosyl acceptor. a^w^c C 

The method of claim 18 , lg^ or 20, wherein said glycosyl donor is a glycosyl fluoride or 
glycosyl trichloroacetimidate. 
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The method of clainy gJ ,jw herein said cyclic acetal comprising CI and C2 of said uronic 
acid glycopyranosyl acceptor is an isopropylidene acetal or a cyclopentylidene acetal. 
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We claim: 

1 . A disaccharide selected from the group consisting of: 

R^c. or R'0 2 C^ or 



Ro ro ; RO ro 



RO^ 



— v 



R0 A-^v x ; and Nag -L\^o Y 

OR RO~W^\^ X ; 

OR 



wherein 



^ X represents independently for each occurrence hydroxyl, acyloxy, silyloxy, halide, 

jJ alkylthio, arylthio, alkoxy, aryloxy, or -OC(NH)CCl 3 ; 

\ = 

R represents independently for each occurrence H, alkyl, aryl, arylalkyl, heteroarylalkyl, 

M silyl, acyl, alkenyloxycarbonyl, or aralkyloxycarbonyl; and 

ry 

=P R' represents independently for each occurrence H, alkyl, aryl, arylalkyl, or 

n heteroarylalkyl. 

fy 2.^ The disaccharide of claim 1, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
% OC(NH)CCl 3 . 1 



3. * The disaccharide of claim J^wherein R' represents independently for each occurrence 

alkyl. 

4. < The disaccharide of claim L, ,wherein X represents fluoro, bromo, 4-pentenyloxy or - 

OC(NH)CCl 3 ; and R' represents independently for each occurrence alkyl. 

Sj% The disaccharide of claim 1, wherein said disaccharide is selected from the group 
consisting of: c — 
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AcO 

TBSO' 
AcO' 



AcO CC, 3 



AcO 

TBSO 
AcO 



oA-^V\ 



C0 2 Me 



NH 



OAc 



BnO 



MeOsC. oBn 
AcO AcO GC, 3 



BnO 

TBSO 
AcO 



N 3 ( 
BnO 



v C0 2 Me i| H 



OAc 




wherein 

X represents independently for each occurrence hydroxyl, acyloxy, silyloxy, halide, 
alkylthio, arylthio, alkoxy, aryloxy, or -OC(NH)CCl 3 ; 

R represents independently for each occurrence H, alkyl, aryl, arylalkyl, heteroarylalkyl, 
silyl, acyl, alkenyloxycarbonyl, or aralkyloxycarbonyl; and 
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R' represents independently for each occurrence H, alkyl, aryl, arylalkyl, or 
heteroarylalkyl. 

7. The trisaccharide of claim 6, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 . ~ 

8. The trisaccharide of claim 6, wherein R' represents independently for each occurrence 
alkyl. ^ 

9. The trisaccharide of claim 6, wherein X represents fluoro, bromo, 4-pentenyloxy or - 
OC(NH)CCl 3 ; and R' represents independently for each occurrence alkyl. 

10. The trisaccharide of claim 6, wherein said trisaccharide is selected from the group 




; and 



X is silyloxy or -OC(NH)CCl 3 ; and 




R is H or silyloxy. 



11. A method of preparing a glycosaminoglycan, comprising the step of: 

reacting a first mono-, di- or tri-saccharide, comprising an activated anomeric 
carbon, with a second mono-, di- or tri-saccharide, comprising a hydroxyl or amino 
group, to form an oligosaccharide, comprising a glycosidic linkage between said 
anomeric carbon of said first mono-, di- or tri-saccharide and said hydroxyl or amino 
group of said second mono-, di- or tri-saccharide. 
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12.^ The method of claim 11, wherein the first mono-, di- or tri-saccharide is not identical to 
the second mono-, di- or tri-saccharide. 

13r^"The"method-of claim 11, wherein neither the first mono-, di- or tri-saccharide nor the 
^^secQnd mono-, di- or tri-saccharide is covalently linked to a solid support. 

44- The-method of claim 11, wherein the first first mono-,di- or tri-saccharide or the second 

^__niQno-rdi^C)f tri-saccharide is covalently linked to a solid support. 

15. The method of claim 14^further comprising the step of: 

cleaving said covalent linkage between said oligosaccharide and said solid support 
with an alkene metathesis catalyst and an alkene. 

16. The method of claim 11, further comprising the step of: 

M sulfating a hydroxyl or amino moiety of said oligosaccharide. 

Q 1 7. The method of claim 1 1 , further comprising the step of: 

yi — ■ 

jp 

77 removing a hydroxyl or amino protecting group from said oligosaccharide by 

f|j hydrogenolysis. 

^ y 

L lo. A method of preparing an oligosaccharide comprising an ot-glucosamine glycosidic 

P 

H ! linkage, comprising the step of: 

ru 

ITJ reacting a uronic acid glycopyranosyl acceptor, comprising a hydroxyl group at 

O 

fy C4 and a cyclic acetal comprising CI and C2, with a glycosyl donor, comprising an 

activated anomeric carbon and an azide functional group at C2, to form an 
oligosaccharide comprising an oc-glycosidic linkage between said hydroxyl group of said 
uronic acid glycopyranosyl acceptor and said anomeric carbon of said glycosyl donor. 

19. The method of claim 18, wherein said uronic acid glycopyranosyl acceptor is an iduronic 
acid glycopyranosyl acceptor. 

20. The method of claim 18^wherein said uronic acid glycopyranosyl acceptor is a 
glucuronic acid glycopyranosyl acceptor. 

21. The method of claim 18 , 19^ or 20, wherein said glycosyl donor is a glycosyl fluoride or 
glycosyl trichloroacetimidate. 
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The method of clain\ 2j ^w herein said cyclic acetal comprising CI and C2 of said uronic 
acid glycopyranosyl acceptor is an isopropylidene acetal or a cyclopentylidene acetal. 
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